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(57) Abstract: A projection optical system having excellent optical performance without being substantially influenced by bire- 
fringence even when a crystalline material exhibiting a natural birefringence such as fluorite is used. The projection optical system 
comprises a plurality of crystalline transmissive members formed of a crystalline material and a non-crystalline transmissive member 
formed of a non-crystalline material. An image of a first surface (R) is formed on a second surface (W). The crystalline transmis- 
sive members each comprise a first group of light transmissive members (L22) so formed that the axis of crystal [100] substantially 
agrees with the optical axis and a second group of crystalline transmissive members (L23) each of which is so formed that the axis of 
crystal [100] substantially agrees with the optical axis, and that has a positional relation in which it is relatively rotated by approxi- 
mately 45° around the optical axis with respect to the first group of the light transmissive members. The non-crystalline transmissive 
member (LI 9) has a predetermined birefringence distribution for compensating the influence of the birefringence of the crystalline 
transmissive members. 
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wstt mm*mhtzmm%<D<femz&K>v iai or&t>i3XY¥®) kj& 

)i*7—i?Rsu£&®%&m?zfr-i'>tf vfomz&m^v? 

LtV3i/\Wt<Dffl<Dm>yt3&lZ\$. ^7xAW*J;^i 
AXx-vWS&£^iB©£ftW£;^ ^iAW^iWi/\xf-yWSfe 

tt#*^«£tlT^5ri\ £5^«{i£3^ttjiK#ft£nT^5. Z\<D&? 
£. ^LS^^iAWjT©»iftCIoT, S^^^&^A.^©^^ 
n5££©ft^f?H^7W&/&£nT^3. 

tMLfcZo \Z. S^^PLtC.t^T^^nsi/^^jl/Ri©^?^^ 
*j;tX^xAW±©S)t^ CT^t)^^§l^m«) Y#fi£i&oT$§i2 
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**rr**ejBttT*s. Lfc^bx, mm^^^m (rif, wif) & 

i/Uf-yWSti£, ZH>Tttl^£;PR££xAW£&H$Wfc£«i 

^TC/xAW*~^WtttftWWtfe* t 6-fi»3t&ff , 5Ci:fc<kt)» £xA 

j§^lPL^iit51iSM U>Xl& 
#) tt, ^5 (CaF 2 m&) SfcttS^T?M^nt^5. ArFX* 
->VU-1f-^©«[fittl 9 3 nm^O, C©*^C»-r*m5©JB»fsptt 
1. 5 0 1 4 5 4 8T?<6 0, 5£©B#r*ttl. 5 6 0 3 2 6 1TS5. 

¥B^e»i^$y(c:fett^^iS±©fi«*T©7 l 6lflH»ofcm^ £z 

j$ £ n& i/ >Xts c ti®##©*#nc * 91 ir> . 

z = (yVr) / [1+ {1- + • yVr 2 } 1/2 ] 
+ C 4 -y 4 + C 6 -y 6 + C 8 -y 8 + C 10 -y 10 
+ C 12 • y 12 + C 14 • y 14 (a) 
$5 Bit*. *^«»IBC^^*fi;»3t^©U>X»JEK**'rH-C**. *H 
«$IB©S«tt¥*PLtt, JB5HK:*rJ:5lc, l^*jma»&JBfc, 9xA 
#JK#S*mft©[H]®£fattfc¥[H]l'>XL It, tfxAWfcspffiSlSlttfcSRHll/ 
>XL 2 ts )VmiZ¥-m&faV1t¥-{hi'>XL 3 «!:, l/S^HMC^S® 
tt©E0iS*lR]WfcjE^-X*XU>XL4i:. MflU>XL5i:. Mfl^>XL 
6<!:> l^?;Ufl«K:ril®£fflttfcIE;*-X;&X^>XL 7£, £xA#JK:¥®£ 
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lS]»t&¥fll^>XL8 U?2)]/m\z¥-m$:fatftz¥-Wl'>XL 9 t, MB^ 
>XL lot, £xAWcTO£|6]tt£TOl/>XL 1 1 t, £xA«k:##ifi 
«OlHI®^l6j^fcMIHlU>XL 1 2t, P50U>XL 1 3 t, tfxnttfcHWB 
W©IH]®*|B|^fci^IHIU>XL 1 4£» MfiU>XL 1 5 l^^M&iJCd® 
£fattfcIE*^X;*7XU>XL 1 6i:> U^JPfflfcMfclRlttfcA*::;*** 
U>Xh 1 7 Mdbl/>XL 1 8 t. ffiihU>XL 1 9 t, l/^^M&iJKft® 
£fattfcIE/~X#;* 1/>XL 2 0 7xA#jK#M£M#©[3®£fattfcjE* 

-x^xi/>XL2 it, u?-? )im\zam*ftvtziE*~xjj zu>xl 2 2 

<h> ^xA#J(c¥®^f6j^fc¥£bl/>XL 2 3 t^^^fiK^nT^^), 

gi^fc^PL^firrai^XL 1~L 2 3©^^, L3, L8, L13, 
LI 5, L 2 2*5cfc^*L 2 3«m5T^^^nfcm51/>XT^O, U>XL1, 
L2, L4~L7, L9-L12, L14, L 1 6 ~L 2 1 He^TM^tlfc 
5£l/>XT&3o ^LT, 5^1^>XL19«, ffifevmmtirftWttS-Ztl 

^m7t\zi5ux, x\mmt<»$L&*, NA«t« (*xa 

&&®<D«¥& (^ffi©^ll«I^tt$¥g : mm) d «&®tf)fl!i± 
^^•r^t)^®P^RI (mm) nte^ft{£*rr5®|Fr>££, Enli#I©t 
(mm) Pnfct&SOgBfrg (-r&fc>^#®<7)ft«I±© 1 ^^6tB 
fc^W#®HAWT^t#cD7t^©aS : mm) Pn/EnliilM8l: 

£ <z> it * ^ n^n* u x » z , 

mi* 

(±gl&7C) 

A = 1 9 3 n m 
/3 =- 0. 2 5 
NA=0. 8 5 
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En 


Pn 


Pn/En 
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5603261 


119. 1 


22.3 


0. 19 


(LI) 






128.4 


29.5 


0.23 
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5603261 
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46.3 


0.35 


(L2) 






192.4 
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0.34 
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5014548 
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67.3 
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5603261 
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113.7 
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5603261 
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(L6) 






272.4 
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0.43 




1. 


5603261 


258.2 
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0.45 


(L7) 






246.9 
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0.45 




1. 


5014548 


L 1 o. 0 


1 flQ 


u. ou 


V i-f o ) 
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0.48 
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5603261 


199.5 


95.8 


0.48 


(L9) 






141.6 


81.7 
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5603261 


136.5 


77.7 
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(L 1 0) 






123.9 
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5603261 


126.7 


91.4 
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(L 1 1) 
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0.82 


(L 1 2) 
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2999.500 


3. 103 
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0.83 
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2240.569 
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1. 


5014548 
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(L 1 3) 
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1.000 
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27 
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41.000 


1. 


5603261 
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0.89 


(L14) 
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414.116 


14. 198 
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935.988 


50. 000 


1. 


5014548 
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(L 1 5) 
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-232.953 


1.000 
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46.380 
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(L2 0) 
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483. 174 


1.000 
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148.000 


52.000 


1. 


5603261 


208.7 
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(L2 1) 


4?* 

*t L T 


lQfi 741 

I UK) * Itl 


R 000 

Urn UUU 
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1 1 1 • V 


153 8 


0 90 
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(L 2 2) 


44 
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107.8 


87.9 
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45 


2734.387 


35.000 
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5014548 


100.7 


76.7 
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(L 2 3) 


46 


OO 

(9xABf) 
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29.0 
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C 6 = 4. 5 7 1 0 2 X 1 0" 12 
Cio= 3. 59697X10- 20 
C, 4 = 4. 4 2 0 6 7 X 1 0" 28 



7® 

k= 1. 000000 
C 4 = -4. 1 1 8 4 0 X 1 0" 9 
C 8 = 5. 5 5 2 3 7 X 1 0" 21 
C 12 = - 1. 7 1 8 0 5 X 1 0" 27 



C, = - 2. 1 9 0 8 2 x 1 0~ 14 
C 10 = 2. 2 6 8 1 1 X 1 0" 23 
C 14 =2. 95229X1 0" 32 



2 4® 

k= 1 . 000000 

C 4 =3. 17136X10" 8 C 6 = -l. 1 9 7 3 2 X 1 0" 12 
C 8 = - 7. 0 5 2 4 1 X 1 0" 17 C 10 =3. 4 9 8 4 2 X 1 0" 21 
C 12 = 4. 6 2 6 4 3 X 1 0" 26 C 14 = - 2. 7 8 1 3 4 X 1 0 -30 



2 8® 

k=1. 000000 

C 4 = 3. 1 6 5 5 6 X 1 0" 8 C 6 = - 2. 5 5 3 4 4 X 1 0" 13 
C 8 = -l. 6 9 5 2 4X 1 0" 18 C 10 =6. 4 5 3 7 9 X 1 0" 23 
C 1Z =1. 11281X10" 26 C 14 = - 5. 3 3 6 2 6 X 1 0" 31 



4 2® 

K = 1 . 000000 

C 4 = - 2. 4 9 3 1 8 X 1 0" 8 C 6 =l. 1 4 0 4 2 X 1 0" 13 
C 8 = 4. 6 8 1 4 2 X 1 0" 18 C 10 = - 8. 5 3 5 3 7 X 1 0 -22 
C 12 = - 3, 1 6 5 6 2 X 1 0" 26 C 14 = 9. 4 1 4 3 8 X 1 0" 31 
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-rs&attis. ci*ts»«iBttn©4*jfeisa(*oA*ttii«-tti^nwLT^*. 

35:45, «MCH £&«lBftt£il«! [111] fctAtffcH 
[- l 1 l] o»!p#ffifc»«A*"C*0, ttftftBtflSAtt [100] T 
fct^tfUSatt [0 10] ©Sq^tefcttTsagT**. 

Lfc^oT, fcfcAtf (B, C) = (10 0, 0) (4, %N£ttAN [1 0 

o] tifi-$c?z&GV>X\z.&^T. ^©ig^tti [oio] Kft^ 

TEH$nT^SIlt**i*-r*. (B. C) = (1 0 0, 4 5) «, ft 

M£ttJ6N [10 0] i^-St5S5l/>Xl:iHt, *-<D*SJM* [0 10] 

^> (b, o = (loo, o) towavyxt (b, o = (100, 45) 

©f5U>Xt(t ISAM [10 0] OUyX^TZmfcLT^ZZtlZUZo 

(b, o = (111, 0) a, am [111] tifi 

-a-r**5l/>XK*^T, *-0|£Att [-111] *«S**&t«J^TEB 
^nW5^i^t*t5. (B, C) = (111, 6 0) tt, 7^$4tig 

lift [111] jt*<-a-ras5u>Xfc*viT, -t-on&AN [-111] t>m 

(b, o = (111, o) owsvyxt (B, C) = (1 1 1, 6 0) 01k 

gv>xl\%. m&m [111] <Du>x*7&m&isX\i*zz.t\zuz. 

±$©a«&fiC®iftWK:*5^T. g^M©8££teTr^T©t/>XK 

*«ffitc»"r*ftSthaiO»*t?5:S^ttftlllitt» ^Atti [10 0] 

(Di/>x^7©«^ni^^$4 [0 1 o] \zmfe2ftzz\tt£<, m&m u 1 
1] (Du>x^7<Dm^\zm&m [-111] \zmi£2tizz.ti*<, ittxi* 
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A 


B 


C 


L 3 


[1 1 1] 


0 


L 8 


[111] 


0 


L 1 3 


[111] 


0 


L 1 5 


[1 1 1] 


0 


L 2 2 


[111] 


0 


L 2 3 


[1 1 1] 


0 



m2%zn?zt, mi&®&mz, t^x<D&&u>XL3, ls, li 

3, L 1 5, L 2 2fccktfL 2 3fc*^T\ IS AM [111] #ftM 

cfc o KKfcStt, R-D^tm^'bt LTKWzm£®&GLWM&*%t%>& ? K 

316 A1-I6 emit, % I &&m\Z&tt ftti (PSF: point 

spread function) £tkT0T£3o *6Hfc*^T, IS 6 AH ««*«»© + 
& (3t«lAX<DfiI) tC^$tl5^H*5^-5^fi^*$, 3g6Bi!«&^li 

»6cattia!»ffl»©«ja©fl!i« (*5ho«®o±iw) \z&i&i£nz>&mz& 

3^*5. &£&&g#flTT'te, SS«S«l»c*^*3t3fi«S 1 0 0 %tb, 1 %~ 
9%^T^l%lf->5 1 -e, 1 0%~90%JT^1 Ofctfy^T, jS«©5tM 

*5ttSft3£g© 1 X©3fc3&ftK:#JfcU «t>F«ifli©«Wi»tta««S«lifC^^*^ 
!*flW>9 0X©#5*SK:**J&bWS. »6 AB~»6CEIfc*ttSSiE 

»4. &#©£7 0-»9Bfc*V>T'bffl#T»*. 

l 8%T£D, !9:»«»©«ia©-jBt:»j«$ns^«»r*»t*«**3ii«**9 
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xm&m [ill] tfytmt-'&tz&oizwcfeznT^zvr, tfliw© 
[ill] tmmt-$iTz>&?\zm%.i£nT^2>cDT\ m2Am^^um2B 

#031 3 m \tmm\z&vz&?kftu>X(D®M(D®femmz*?. 

£3g 



A 
L 3 
L 8 
L 1 3 
L 1 5 
L 2 2 
L 2 3 



B 



C 
0 
0 
0 

6 0 
0 

6 0 



1 1] tfttttt-a-rs.tscKfcsn, s5u>xl3. ls, Li3&j;tf 

L2 2i&5l/>XL 1 5*3j:0'L2 3 £ ttftttfct&t bT 6 0g£tfffi**W 
\Z®&Ltzt<LWmft%GTZ£?\zWLfe2nx^2>o tttt>%. f5l/>XL3, 
L 8, LI 3£<fctfL 2 2 t, |51/>XL 1 5*5«fctfL 2 3 ftSANl [ 1 
1 1] ©k>X^7£«l/iJcL-TV>£. b*L-&*«6, Sfl 1 Jt««tra*fc, 5£ 
1/>XL 1 9Ctt, WMW^nti^^. 
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36* 9 6. 8 2%T&£. TftfrS, SB2Jt«WT«, &Jitt [111] ©1^>X 

£7 A|~$7 Cg|£#!T*<i:. &H*H! [Ill] ©l^>X^7©f£ 
ffltdS-p Tj£«fe©tt3ftg# WIS 1 Jt«0»J I' Jt L W \Z n < ft o T 

3?4« 



A 


B 


C 


L 3 


[111] 


0 


L 8 


[111] 


0 


L 1 3 


[111] 


6 0 


L 1 5 


[1 1 1] 


0 


L 2 2 


[10 0] 


0 


L 2 3 


[10 0] 


4 5 



l 1 5£&t>TfgM [ill] «$ft£-gtt-£«fc5£^££n, meu>x 

L 3, L8fccfctfL 1 5t1kftU>XL 1 3 LT 6 0 g/ffrffi 

L 3. L8^t;L 15t, M5U>XL 1 3<fcte, [111] ©U>X 

S5U>XL2 2*J;r;L2 3JC*^TI|gatt [10 0] 
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>XL2 2tf5k>XL2 3tlt [10 0] ©1/>X^7£*MLT 

7. 2 9%T^o, «»«»©«iaote«fe:^$n*j*t«K:*^**^»« 

#9 7. 3 1 Tfcfc"5» »3tttt«t?tt, ISM [111] 0I/>X 

^7<i:^^iffl [100] <DU>X^7t<DUfr£t>Wm\z£K). *IJa#r©S2# 

#s sfcfi«sn, ^ 2 &&m\z)tLx&&ft¥&ommmfetffahLT^z>z\ 

£tz. %8AM~%8C®Z&m?Zt\ ft AM [111] ©1/>X^7£IS 
H$4 [100] ©U>X^7t©ffl*^toWfflm;0. 3 00IE*tflu&ttJ!#? 

d«»2Jt«0!IK:ltLT^#WfcS5fcn»ttfcifi<^oTV»*. *©»*> 3§3 
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B 
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L 3 


[111] 
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L 8 


[111] 
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L 1 3 


[111] 


6 0 


L 1 5 


[111] 
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L 2 2 


[10 0] 
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L 2 3 


[10 0] 


4 5 
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ftsmzmmtzt* m3it^mtmm^ %gu>xl3, 

1 5t%GU>XL 1 3ttffeM [111] <DU>X^7*ffil& 
U n&U>XL2 2t%&U>XL2 3 ttf&Mi® [10 0] <DV>X<7* 
$/&LTV>3. L^bfc^ mitt&M~%3ttm\ttmti.ri, 5&U>X 

AtttofcWu ©ftft (19 3nm) fC#LTJi32T-3. 8nra/cmOiI 
*f* (3B**) I. 4^T0nm/cm®«B8r*S^rU ate 

unia, ^ 3 tfc«fi»c*5v^x«ft<tt [ioo] o^yi^xofMia^K 
9. 5 7%-r$>o, ai«a»ofljaoffi«fc»j**n*jS«K:*it***>e!ftiiE 

#9 9. 5 5XT?*5. -Tfttoft, *3fcifiJ&IBTtt, ^Hlft [111] ©1^>X 
^7<h^^tt [10 0] OU>X'<7t©a*'&t>W«*«k^5*U>XL 1 

»9AH-*9CH*#!i-r«t, S§Hft& [1 1 1] ©l/>X^7t«S 
M [10 0] ©U>X^7£©m*&fcWJS£«ktf5^U'>XL 1 9 ©*gffi 

ff*«^#Wfce«n^tt»c^^Tir^. *©«i*, #^«<iTte, *3it«^j 

&0ffl?-fc«>K:O 2 , H 2 *0*t'J7^fflH5ns) <!:> M©fc#©*8* 
&#X (0 2 #XtH 2 #X> fc^-t-^6«Hll/, *&l*lTS££it*8£ 
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liT^^#41-^^ftOpiil(CO^T«, fci:AWJ^2 0 01-208837 

T, 2 0 0 1^7^18 StCig^nfc'J V^^y^fiimyV^ya^A 
(International-SEMATECH Calcium Fluoride Birefringence Workshop) \Zt5^T. 
tRHN I ST(National Institute of Standards and Technology) CO John H. 
Burnett £££oT^£ft/!:{ii£ffl^T^£, 

ztuzm%.znz>ztfc<, m<D-m&f8i&, titx&yv\w)v& (BaF 

2 )> 7>Wfc>J^9A (LiF), (NaF), 7>y{bXhD> 

(SrF 2 ) ft^Sffl^SZliifcT^S. £CD*§£> 7-;MtA'U7A (B 
aF 2 ) ^ch'OiS^itt^fc^B^tc^oT^^n^-tWSL^o 
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f^tlS. ^©7x7^3 0 2fc33^T, *•© 1 O y h©«7xA±©&JBI£±fc: 
7;thk/7h^|«n5. ^©&> 7fy^3 0 3l:*HT, *£JftgJ$© 
•ft««/8HT, T**±©/^->©#tf*©lft»ft¥*£4l*LT, *©1 

0 4fC*V»T» ^lD-y h©#xA±©7* hU^X h©S$t#fTfrftfc^> 
7fy^3 0 5fcfcwr, -?-©l Py h©7xA±Ti^X hA*->£-777 

xmrnturnKK *m&7/u x*x;p-7V h&<nz>z.ttfr 

*iLT©ttft*?S*^£ft* Ct&T?**. £TF, £51 HH©7D-^*-h 
>MIS4 0 ITU **Jfi»88©«^M*ffl^TT^^©/'«^->*a5>6 
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ifcfc, #5-7^ JI/*-7£j5£Xg4 0 2TH R (Red), G (Green), B 
(Blue) \ZMmVtc3 0<DFy h ©i*i7 h U y X^CMK^J $ tlfe 0 . £ 

^$n^cOUfc*7-7^;p^-^^fiet^. -€-ux, #^-7^;i^-jb^x 

S4 0 2 0^(3, -fe;UM^TXg4 0 3^fT^n^). -t;PM^lLTXg4 0 

/^->Mlg4 0 1 HT#^nfc^/^->$ttl)S« < 
^7-7^M-Mlg4 0 2tCT#6tlfc*7>-7^;i/^-^^ffl^T^ 

HA*;!/ (&iHrju) £ia#-&T5. -fe;Ma*3:TX@4 o 3tii flAtf, a 

*->«Xg4 0 1 £Tf#£ttfcm£A*->£WT3gm<J:;*77-7^;i/* 
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